In a recent paper (Hobbs and H inshelw ood 1938), inform ation about the .chain mechanism s involved in th e th erm al decom position of ethane was obtained by studying th e v ariatio n w ith th e eth an e concentration of the shape of the curve which represents th e reduction in reaction ra te as a func tion of m inute quantities of added n itric oxide. This paper describes the results of a sim ilar investigation carried o u t w ith diethyl ether, th e behaviour of which shows an interesting co n trast w ith th a t of ethane. W ith regard to (6) it should be p oin ted ou t again th a t w ith ether, for exam ple, the rate falls rapidly to a lim it over th e range 0-1-0 m m . after w hich it rem ains steady for a t least ten tim es th is range, and later rises again slow ly. The long stead y region is quite unlike a mere m inim um -as reference to published diagram s will show. F in ally, it m ay be observed th a t chem ical reactions at higher pressures o f nitric oxide w ith ethers, hydrocarbons and other substances are in no w ay inconsistent with the chain theories w hich th em selves p ostu late th e breaking o f chains by reactions [ 456 ] 
In a recent paper (Hobbs and H inshelw ood 1938) , inform ation about the .chain mechanism s involved in th e th erm al decom position of ethane was obtained by studying th e v ariatio n w ith th e eth an e concentration of the shape of the curve which represents th e reduction in reaction ra te as a func tion of m inute quantities of added n itric oxide. This paper describes the results of a sim ilar investigation carried o u t w ith diethyl ether, th e behaviour of which shows an interesting co n trast w ith th a t of ethane.
* N otes by the C om m unicator: (1) This work is th e natural con tin u ation o f th e work o f S ta v eley and H inshelw ood (1936, 1937) and o f H ob b s and H in sh elw ood (1938) on th e chain processes involved in th e d ecom position o f ether and o f eth an e resp ectively. The clear contrast w hich now em erges b etw een th e m echanism o f chain breaking in th e ether reaction and that in th e reactions o f th e hydrocarbons n ecessitates th e revision o f one o f th e incidental
calculations m ade b y S ta v eley and H inshelw ood, w ho, from th e am ount o f nitric oxide required to reduce th e rate to a giv en fraction o f its initial value deduced the probability o f reaction and hence an energy o f a ctiv a tio n for th e encounter betw een th e chain propagating particle and th e ether. This calculation, legitim ate for e.g. eth an e, should for ether be replaced b y th a t given in th e present paper, w hich leads n o t to a p robability o f reaction b etw een radical and ether, b u t to th e probability of spontaneous d ecom position o f one o f th e radicals.
(2) Confusion has arisen in som e quarters about th e relation betw een th e inhibiting action o f m in u te quan tities o f nitric oxid e and th e oxid ation reactions w hich can occur w ith large qu an tities. I t has been su ggested (a) th a t th e oxidation reactions m ask or distort th e pressure changes due to th e norm al decom position and (b) that th e oxid ation reactions m ake it im possible to sa y w hether th e rate reaches a true lim it w ith increasing nitric oxide concentration (cf. A n n . R ep. Chem. Soc. 1937, p. 47). W ith regard to (a) it m a y be p oin ted ou t th a t a few ten th s o f a m illim etre o f nitric oxid e can very m arkedly reduce th e rate o f decom position o f 400 m m . eth yl ether over its w hole course. I t is im possible th a t one substance should stoicheiom etrically affect 1000 tim es its ow n am ount o f another in th e w ay im plied b y th is criticism . W ith regard to (6) it should be p oin ted ou t again th a t w ith ether, for exam ple, the rate falls rapidly to a lim it over th e range 0-1-0 m m . after w hich it rem ains steady for a t least ten tim es th is range, and later rises again slow ly. The long stead y region is quite unlike a mere m inim um -as reference to published diagram s will show. F in ally, it m ay be observed th a t chem ical reactions at higher pressures o f nitric oxide w ith ethers, hydrocarbons and other substances are in no w ay inconsistent with the chain theories w hich th em selves p ostu late th e breaking o f chains by reactions [ 
]
The therm al decom position of diethyl ether in th e neighbourhood of 500° C. occurs p a rtly by a chain m echanism in which free radicals are formed, and p artly by intram olecular rearrangem ent (Staveley and Hinshelwood 1936, 1937) . The end-products of th e decom position are m ethane, ethane, and carbon monoxide, w ith small am ounts of hydrogen and u n satu rated substances. A cetaldehyde is an interm ediate product form ed either in the rearrangem ent process, or, as in the m echanism p u t forw ard below, during the chain reaction (Fletcher and Rollefson 1936) . The acetaldehyde, how ever, decomposes rapidly under th e experim ental conditions and the initial rate is sensibly th a t of the decom position of th e ether into th e final products.
The decom position of th e ether is inhibited by nitric oxide, the ra te falling rapidly to a steady lim it w ith increasing concentration of the inhibitor. The mean chain length, as defined by th e ratio of th e uninhibited and fully inhibited reactions, is independent of th e ether pressure: this also applies to the other m em bers of th e ether series. The m ean chain lengths for th e hydrocarbons, however, decrease as th e pressure of th e hydrocarbon in creases: the average variation being as the -0*5 power of th e hydrocarbon concentration. The reason for this difference betw een th e two series is made clear in the present investigation.
The " inhibition cu rv e" for diethyl ether has been determ ined a t 504° C. for four different ether pressures from 50 to 400 mm. The experim ental m ethod was the same as th a t described by Staveley (1937) .
The rates given in the Tables are initial reaction rates expressed in mm./sec. The values of p0 and p^ in each case are th e m ean of a t least three concordant determ inations. The unim olecular velocity constant of the u n inhibited reaction a t 400 mm. and 504° C., calculated from the tim e for 50 % increase in pressure, is 28*3 x 10-5 sec.-1. This is in fair agreem ent w ith the value 34*6 x 10-5 sec.-1 extrapolated from the results of Hinshelwood (1927) for the lim iting rate a t high pressures and the same tem perature.
The values of (p -Pao)l(Po~Poo) have been calculated for each ether pressure and are plotted against the nitric oxide concentration in fig. 1 im p o rtan t result is th a t th e points for all th e different eth er concentrations lie on one single curve. This result is strikingly different from th a t obtained w ith ethane where a series of separate curves are found, th e a m o u n t of nitric oxide required for a given degree of inhibition increasing steadily w ith th e ethane pressure. W ith ethane th e course of th e curve is determ ined by th e relative probability w ith which a radical is either rem oved b y a molecule of nitric oxide or can a tta c k an ethane molecule for th e continuation o f th e chain. The am ount of nitric oxide required to bring ab o u t th e same degree of inhibition (i.e. to give the sam e value of (p -Px)l(Po~Poo)) th u s increases as t of the ethane increases. H ere, how ever, we find th a t, w hatever th e pressure of th e ether, th e am o u n t of n itric oxide required to produce a given degree of inhibition is alw ays th e sam e. The rem oval of th e radical by th e nitric oxide th u s appears to be in com petition w ith some reaction, th e ra te of which is quite independent of th e concentration of th e ether. Since experim ents w ith a tube-packed reaction bulb show th a t th e radicals are n o t to any serious e x ten t rem oved on th e surface of th e bulb, th e only possible reaction of this ty p e is a unim olecular dissociation of th e radical itself.
A chain m echanism is required th a t will ta k e th is in to account, and we find th a t th e only one likely contains ju s t th a t sam e process for th e norm al m echanism of chain breaking as was p o stu lated by Rice and Herzfeld (1934) to explain the first order n a tu re of th e to ta l decom position.
The m echanism proposed is as follows: R eaction (4 ) is th e norm al chain process. In th e presence of nitric oxide chain breaking occurs also by th e reaction:
(5 ) NO + C H 2OC2H 5 = P ro d u ct.
F or th e rem ainder of this discussion, in order to m ake it more general, the large radical, CH2OC2H 5, w hich is rem oved by th e nitric oxide, will be called S, the small radical, CH3, which reacts w ith th e ether, will be called R, and th e ether will be called A . _
The contrasted behaviour of ethane an d eth er is due to th e fact th a t in th e reaction of the form er the nitric oxide removes th e radical corresponding to R, while in th a t of th e la tte r it m u st be assum ed to rem ove th e radical which does n ot itself propagate chains u n til it has suffered a decomposition.
I t is interesting to note th a t th e com bination of th is heavy radical 8 w ith the small radical R for chain breaking was found necessary by Rice and Herzfeld to explain th e v ariatio n w ith th e pressure of th e ra te of th e u n in hibited reaction. I f this is th e predom inant m ethod of chain brealdng in th e uninhibited reaction, th e n th e radical R m u st react w ith th e eth er rapidly compared w ith th e ra te of decom position of 8, an d th e concentration of 8 in the system will be large com pared w ith th a t of R. The nitric oxide, which attacks the chain a t its m ost vulnerable point, will th u s ten d to rem ove S to a greater e x ten t th a n it will rem ove R, and reaction (5) is more im p o rtan t th an th e corresponding process:
A pparently, however, in the ethane decom position th e radical corresponding to R atta in s an appreciable concentration in th e system an d chains are broken predom inantly by th e com bination of tw o such radicals, or by th e removal of one of them by nitric oxide w hen th e la tte r is present. The fu rth er developm ent of th e theory is as follows, in th e statio n ary s ta te :
Here we have assum ed th a t the rates of dissociation of th e diethyl ether, A , and of the large radical, S, are directly proportional to th e first power of their concentrations; this is essential if the ra te of th e chain reaction as a whole is to be unim olecular w ith respect to th e eth er concentration.
From the above equations we have:
In addition to the chain reaction there is a rearrangem ent process and possibly a surface reaction, the joint ra te of which m ay be w ritten k'f(A).
The to ta l rate is then p = kf(A) + k2[R][A],
it being assumed th a t the chain propagating reaction is proportional to the ether and radical concentrations.
W hen NO = 0, ra te = p0
The ra te of the uninhibited chain reaction, [A] is th u s pro portional to th e first pow er of th e e th er pressure.
pQ 0 is th e lim iting ra te w hen [NO] is large, th en and (1936) found th a t th e ra te of th e uninhibited reaction, k'f(A), was of th e first order w ith respect to th e eth er con centration, so th a t th e above expression shows th a t th e m ean chain length is in dependent of th e eth er concentration. The difference betw een th e e th er and eth an e reactions is now quite clear. In th e la tte r case th e course of th e inhibition curve depends on th e prob ab ility w ith which a n itric oxide molecule rem oves th e chain-propagating radical before this reacts w ith a molecule of ethane. As we should expect, this is dependent upon th e ethane concentration. On th e oth er hand, in th e former case th e course of th e curve depends upon th e p ro b ab ility w ith which a radical, S, is rem oved by nitric oxide before it dissociates. Since this depends only upon th e m ean life of S and th e concentration of nitric oxide it is understandable w hy th e curve is independent of th e eth er pressure.
The am ount of nitric oxide required for h alf inhibition m ust be such th a t there is an equal chance for th e radical S to decompose and to m eet a nitric oxide molecule. The m ean life of S is th u s com parable its collisions w ith n itric oxide molecules a t th e pressure corresponding to this point. The am ount of nitric oxide required for h alf inhibition is 0-1 mm. I f we identify 8 w ith th e complex C H 2OC2H 5, th e n its average life is of th e same order as the tim e betw een tw o collisions th a t it suffers w ith nitric oxide a t 0-1 mm. and 504° C. w hich is T 2 x l 0 _6sec. This value is w ithin th e possible range for a large complex of this type.
The au th o r is grateful to Professor H inshelw ood for m uch valuable advice in connexion w ith this work.
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S u m m a r y
The course of the curves showing th e ra te of decom position of diethyl ether as a function of m inute additions of nitric oxide is independent of the concentration of diethyl ether. The rem oval of a radical m u st th u s be in com petition w ith some reaction the ra te of which is entirely independent of the eth er concentration. This m ust be a unim olecular dissociation of the radical itself. This is in co ntrast to the inhibition of th e decom position of ethane where the nitric oxide removes a radical which otherwise would have reacted w ith an ethane molecule. A chain mechanism explaining these results is the same as th a t p u t forw ard by Rice and H erzfeld (1934) to explain the first order n atu re of th e reaction. This mechanism gives an expression for the shape of th e " inhibition c u rv e " and accounts for the variation of the m ean chain length w ith th e ether pressure. From the am ount of nitric oxide required for a given degree of inhibition the average life of the radical can be calculated to be of th e order of 1-2 x 10 6 sec.
